Uniaxial compression tests were performed on potato flesh. Cylindrical samples of heights (5, 10, 15 and 3 20 mm) and diameters (25.4 and 19.05 mm) were tested under lubricated (mineral oil), non-lubricated (natural) 4 and increased friction (emery paper) conditions. Sample flatness (force free area/loaded area) ranged between 5 0.79 and 4.20. Deformation rate effect was also examined by performing compression tests at 50, 100, 200 and 6 400 mm min -1 . In this study, parameter derived from compression to failure was failure strain ( r %). It was 7 established a method for determining the area expansion ratio, AF/A 0 (actual maximum area in contact with the 8 loading platens/original area) at several deformation levels ( %). For that, loaded area was determined at 9 deformation levels (20, 40 and 80 %) by planimetring of a graphic mark, and then adjusted by regression with 10 respect to deformation level. From this regression, area expansion ratio at failure, AF r /A 0 was obtained by 11 replacing at each equation corresponding failure strain value. Cylindrical potato samples compression was 12 accompanied by a significant cross-sectional area expansion, evidencing a far-ideal area expansion. For 13 lubricated and non-lubricated friction conditions, increasing deformation rate and sample diameter increased 14 AF r /A 0 , whereas increasing sample height decreased the ratio, mainly under non-lubricated condition. 15
Introduction
. This leads to "apparent" as 10 opposed to "true" stress-strain calculations. As a consequence of surface friction influence 11 force registered during uniaxial compression represents the sum total of force actually 12 involved in compressing the food plus force required to overcome surface friction as the 13 sample expands between the plates. Atkin and Sherman (1984) showed that at small 14 compressions the force required to overcome surface friction constituted a larger proportion 15 of the total force registered than at high compressions. It has been showed that several factors 16 influence stress-strain data obtained when large forces are applied (Canet & Sherman, 1988 ). 17 For cylindrical samples, stress-strain curve will appear to be higher for smaller 18 height/diameter ratio because the volume of affected material is a larger proportion of total 19 sample volume (Charalambides, Goh, Wanigasooriya, Williams, & Xiao, 2005) . To achieve 20 identical compression in two specimens of different heights but of equal cross sectional area, 21 a larger stress is required for the shorter sample on Gruyere and Mozzarella cheeses 22 (Charalambides, Goh, Lim, & Williams, 2001 ). Sample dimensions influence on force-23 compression data there was been pointed out previously (Culioli & Sherman, 1976; Olkku & 24 Sherman, 1979; Canet & Sherman, 1988 , 1990 . 25 Also, deformation rate effect on rheological parameters was evidenced before ( (Scanlon & Long, 1995) , and increasing compression rate also lowered real stress values 4 derived from compression tests (Canet & Sherman, 1990 ). 5 Compression is often continued until failure occurs, and additional parameters are derived 6 from failure data (Hamann, 1983) . Failure stress, defined as force per unit surface area at 7 failure is often calculated incorrectly based on the force divided by the original surface area 8 of the non-deformed sample (A 0 ), since methods for estimating actual surface area of the 9 deformed sample at failure (AF r ) are difficult, time consuming, tedious and are not always 10 applicable. From the knowledge of the actual loaded area, a linear relationship for modelling 11 area expansion was applied (Olkku & Sherman, 1979) . Determination of area expansion 12 ratio at failure allows a direct determination of true failure stress from theoretical failure 13 stress, therefore pointing out the worth of the acquaintance of this additional parameter 14 related to failure under compression tests. Likewise, AF r /A 0 represents and signifies a suitable 15 tool for analysis in the case of comparing expansion during deformation of cylindrical shaped 16 samples with different diameter. 17 Regardless of the purpose made, a standardisation of these tests with potatoes has not 18 been done. The main objectives of the present study were (1) to establish a method for 19 determining and modelling the area expansion ratio at several levels of deformation and 20 subsequently at failure, and (2) to find out how this additional parameter related to failure is 21 affected by friction conditions, deformation rate and sample dimensions. A secondary 22 objective was to fit second order polynomial equations to draw three dimensional plots 23 pointing out the effect of the factors studied on the parameter area expansion ratio. analysis of variance (ANOVA One way) was carried out for studying friction effect 4 separately with two levels (lubricated and non-lubricated friction conditions). Where 5 significant differences were present, individual combinations were compared using 6 Bonferroni multiple range tests (99.9 and 99 %). STATGRAPHICS software was also used 
where Y = response (AF r /A 0 ), X 1 = flatness, X 2 = deformation rate (mm min The analyses of variance of two ways ( significantly different from the rest of the heights.
7 Table 6 shows that under lubricated conditions there was significant differences between 8 AF r /A 0 average values due to main factors sample diameter and height, as well as to the 9 interaction between both. Also under non-lubricated conditions, both factors had a significant 10 effect on the AF r /A 0 average value, although in this case the interaction was not significant. Certainly, by considering a factorial double model (sample diameter and height as factors, 1 Table 6 ), it was found that sample diameter caused this increasing for any level of the factor 2 height, although only was significant for heights of 5 and 10 mm (5, 10 and 20 mm, when P  3 0.01) under lubricated conditions and for heights of 5 mm (5 and 20 mm, when P  0.01) 4 under normal friction conditions.
5
At last, also the analysis of variance of one way showed that there were significant 6 differences between means due to friction ( Table 7 ), corroborating that lubrication causes an 7 significant increase of AF r /A 0 average value with respect to non-lubricated friction conditions. 8 Factorial double models (friction-deformation rate; friction-diameter and friction-height) 9 showed in the ratio AF r /A 0 values, more significant at the highest rates (Fig. 3b) . Lubricated-100 Non-lubricated-100 Emery-paper-100 Lubricated-400 Non-lubricated-400 Emery-paper-400
